This paper firstly points out a defect of the damping trapezoidal method in electromagnetic transient simulation algorithm. The backward Euler method is recommended to use. Then, a new three-phase three-winding transformer model which could consider ratio and connection group feature is put forward. Compared with PSCAD, it is obtained the proposed model is accurate and reliable.
Introduction
In view of the implicit trapezoidal method with considerable accuracy and good numerical stability, the electromagnetic transient program mostly uses this method. But when the grid topology changes, nonstate variables abrupt at same time, the implicit trapezoidal method calculates the equivalent current source of the abrupt time which is based on the abrupt non-state variable's value; this will result in numerical oscillation [1, 2] . Obviously this oscillation is unreasonable. There are always two ways to eliminate this numerical oscillation which are backward Euler method [3] [4] [5] and the damping trapezoidal method [6] . The former is that the implicit trapezoidal method has been using when the network topology remains unchanged; and the backward Euler method is used when the network changes, then cut back to the implicit trapezoidal method. As this method avoids the abrupt non-state variable values, and only uses non-abrupt state variable's value, it could solve the problem of numerical oscillation, but its programming is slightly more complex. The damping trapezoidal method takes the numerical calculation by mixing the implicit trapezoidal method and backward Euler method together from start to end, which is regardless of the grid topology whether changed, so it is easy to program.
As to three-phase three-winding transformer model, paper [2] considered the three-winding transformer magnetizing slip alone, so it can not consider the transformer connection group. The transformer model of paper [7] is based on the controlled current source model which could consider the connection group feature and the ratio. This paper presents a new kind three-phase three-winding transformer electromagnetic transient model which takes into account the ratio and connection group feature. The transformer is taken as a coupling circuit of multi-slip series resistance and inductance. The connection group feature is achieved by the relationship of transformer's winding connection, and the ratio is simulated by the matrix of relationship of winding voltage/current and terminal voltage/current. This paper firstly points out a serious defect of damping trapezoidal method in the electromagnetic transient simulation algorithm, and the backward Euler method is recommended. Then a new three-phase three-winding transformer model is proposed which could consider the ratio and connection group feature.
A Default of Damping Trapezoidal Method
The damping trapezoidal method to some extent not only maintains the advantages of implicit trapezoidal method which has high accuracy and numerical stability, but also could eliminate numerical oscillation by a certain percentage of the backward Euler method which has the damping effect, and it is easy to programming. While this method will bring certain calculation error, paper [9] proposed amendments to this method. And this paper finds another major flaw of the damping trapezoidal method, that is the current nearing a fault will numerical oscillate a certain time before transiting to the stable fault condition, and this current value of numerical oscillation may be bigger than the maximum current of the stable fault condition. It is obviously unreasonable. Figure 1 is the electrical diagram of 220kV Mianyangdong intelligent substation bus I. A symmetrical three-phase instantaneous fault happens at the line L2203 and occurs at the 0.2s, disappears at the 0.32s. The voltage of bus I simulated by the damping trapezoidal method is shown in Figure 2 (a), and its amplified picture is shown in Figure 2 (b). It can be seen that the voltage of bus I has to numerical oscillate a period of time. Meanwhile, the simulation curve of current transformer CT_L2203's current by damping trapezoidal method is shown in Figure 3 (a). It can be seen that the CT_L2203's current has to numerical oscillate a period of time when the fault happened. The numerical oscillate current is bigger than the maximum fault current, it is obviously incorrect.
If the fault above is simulated by the backward Euler method, then the CT_L2203's current is shown in the Figure 3(b) .We can see that the backward Euler method could eliminate numerical oscillation successfully, and does not has the default of damping trapezoidal method, so the widely used backward Euler method is advised to apply to eliminate numerical oscillations. 
A New Three-Phase Three-Winding Transformer Model
The following describes a new three-phase three-winding transformer electromagnetic transient model which could take into account the ratio and connection group feature. While without considering the ratio, the actual circuit diagram of phase A of three-winding transformer is shown in Figure 4 (a). The transient equivalent calculation circuit diagram of phase A winding is shown in Figure 4 (b).Note: each winding has been converted to the side of winding first. 
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Among them, the R and L are respectively the resistance and reactance matrix of the phase A winding, which could be got by the winding leakage impedance and excitation impedance. jka ′ i is the current vector of phase A winding, ja ′ u and ka ′ u are the j and k end of the voltage vector of phase A winding.
The impedance branches are transferred to the equivalent current source and a pure resistance by the implicit trapezoidal method. For step − Δ t t to t, the formula (1) derivate respectively to differential equations, the equivalent current source and the recursive formula by the implicit trapezoidal rule and backward Euler method, shown as formula (3) and (4). 
where
Among them， E is unit matrix, a G is the conductance matrix of corresponding impedance branch by the implicit trapezoidal method, coa I is coefficient matrix of current source by the implicit trapezoidal method, coa U is coefficient matrix of voltage by the implicit trapezoidal method. As to the transformer ratio, it is simulated by the relationship matrix of the winding voltage/current and terminal voltage/current. While the transformer parameters have been converted to winding first side, the voltage and current relationship matrix is 1  1  1  1  1  1   2  2  2  2  1 2  2  1 2 2   3  3  3  3  1 3  3  1 3 3 ( ) / ,
Among them, 12
k is the ratio of winding first's voltage to winding second's, 13 k is the ratio of winding first's voltage to winding third's, ja u and ka u are respectively the voltage vector of transformer phase A's the port side and the neutral point side after considering the ratio. The transformer model formula considering the ratio could be gotten by the equation (5) inserted into the equation (3), and it is as follows: 
As it is easy to get the backward Euler method formula of transformer which is considered the ratio, by substituting equation (5) into equation (4) accordingly, this is omitted.
So it is easy to achieve the simulation of the transformer ratio. The model and formula of phase B and C are similar to phase A.
As to the simulation of transformer's connection group feature, it is easy to get the transformer conductance matrix and the relationship of node injection current and the equivalent current source. According to the transformer ABC three-phase transient equivalent circuit which is based on transformer's connection way, it could make transient calculation gradually. The reason why transformer's connection way is not simulated similar to the ratio matrix is that the matrix of connection way is irreversible when the connection way has a triangle way.
The 220kV Mianyangdong intelligent substation is simulated by the PSCAD and this paper's procedure. A fault happens on the line of Mianyangdong -Baozhusi in 0.2s, and disappears in 0.32s. The voltage curve of bus I on the high voltage side are showed in Figure 5 Note: error = (|this paper|-|PSCAD|)/|PSCAD|.
As showed in Table 1 , the result's maximum error of the PSCAD and this paper does not exceed 3%, it can prove that the proposed three-phase three-wind transformer model is accurate and reliable.
Conclusion
This paper points out a serious defect of the damping trapezoidal method in electromagnetic transient simulation, and proposes a new three-phase three-winding transformer model which takes into account of the characteristics of the ratio and connection group features. It's proved this model is accurate, reliable and easy to program implementation by compared results of the PSCAD and this paper.
